The antioxidant properties of hot-water extracts from a dried chili pepper were maintained through the postharvest ripening process at 10 C for 18 months. In order to isolate the antioxidant from the ripe pepper, we fractionated hot-water extracts by size-exclusion gel chromatography. A certain fraction showed antioxidative activity via the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity assay. Structural analysis by reversed-phase high performance liquid chromatography (HPLC), LC-MS, and nuclear magnetic resonance (NMR) revealed that the antioxidant was a known compound, p-coumaryl alcohol. This study indicates that an effective antioxidant in chili pepper sustains its antioxidative effects during the postharvest ripening process.
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Key words: Capsicum annuum; ripe pepper; antioxidant; p-coumaryl alcohol Chili pepper is a popular condiment around the world known to contain capsaicin and dihydrocapsaicin as the major pungent ingredients.
1) Peppers also contain many physiologically active substances, such as ascorbic acid, tocopherol, carotenoids, etc.
2) These substances are important for protection against oxidative damage by free radicals. In the human body, the various defense mechanisms that control free radicals start to decline as a person gets older. Thus antioxidants are crucial in human nutrition in that they can compensate for this decline.
Due to their pungent flavor, however, consumption of chili peppers is rather restricted, and they cannot be added to other foodstuffs in large amounts as a condiment. In order to deaden the acridity of chili pepper, we preserved one at about 10 C for 18 months through a ripening process. Katsuragawa et al. found that the amount of capsaicinoids decreases about 30% through this process. 3) This indicates that cool and dark conditions for preservation can ripen chili peppers until they are mild enough in taste to be used as a versatile condiment. This should allow otherwise sensitive individuals to eat large amounts of ripe pepper. The question remains, however, whether the peppers retain their health benefits. In this study, we investigated to determine whether physiologically active substances in chili peppers, especially antioxidants, are maintained through the postharvest ripening process.
A chili pepper (Capsicum annuum, Shanxi Yuanping) was dried in the sun and then confited in rice vinegar with salt to make a ripe pepper. The treated pepper was stored in a tunnel at a height of 1,200 m above sea level, where it was maintained at a temperature of 10 C for 18 months. During the ripening process, the pepper was agitated twice a month. Both the ripe pepper and an unripe pepper were removed their seeds, lyophilized, and then ground into flour. Ten grams of ripe and of unripe chili pepper powder were refluxed with 400 ml of chloroform/MeOH (1:1, v/v) for 3 h, twice. The residue was concentrated under reduced pressure. Dry residues, 6.82 g of the ripe pepper and 5.77 g of the unripe one, were extracted with 5 volumes of water for 4 h at 4 C. Extraction was repeated several times. Cold-water extracts of the ripe and the unripe pepper were lyophilized to give 2.07 g and 2.01 g respectively. Finally, the dry residues resulting from extraction with cold water were treated with 5 volumes of water for 1 h at 121 C using an autoclave. The hot-water extracts of the ripe and the unripe pepper were lyophilized to give 0.10 g and 0.18 g respectively. The antioxidant properties of the each extract were analyzed for DPPH radical-scavenging activity and SOD-like antioxidation properties. As shown in Table 1 , only the hot-water * Present address: Shubun University, 6 Nikko, Ichinomiya, Aichi 491-0938, Japan y To whom correspondence should be addressed. Fax: +81-58-293-2913; E-mail: yabet@gifu-u.ac.jp Abbreviations: DPPH, 1,1-diphenyl-2-picrylhydrazyl; EC 50 , half-maximal effective concentration; HPLC, high performance liquid chromatography; IC 50 , half-maximal inhibitory concentration; MeOH, methanol; NMR, nuclear magnetic resonance; SOD, superoxide dismutase Biosci. Biotechnol. Biochem., 72 (12), [3297] [3298] [3299] [3300] 2008 Note extracts showed the same activity levels as between ripe and unripe peppers.
Hot-water extracts (40 mg each) were fractionated by size-exclusion gel chromatography by Sephadex G-25 (GE Healthcare, Chalfont St. Giles, UK), and the absorbance of each fraction (2.0 ml/tube) was monitored at 285 nm. As shown in Fig. 1A , three peaks were detected in both the unripe (F1-F3) and the ripe (F1 0 -F3 0 ) pepper. The antioxidative effect via DPPH radicalscavenging activity assay was measured for each 20 ml (10-fraction tube, Fig. 1B) . The relative activity in the fractions corresponding to peaks from F2 (unripe) and F2 0 (ripe) was higher than the other fractions. Paper A, Forty-mg hot-water extracts from unripe (left) and ripe (right) pepper were fractionated by size-exclusion gel chromatography, Sephadex G-25. The absorbance of each fraction (2.0 ml/tube) at 285 nm was monitored. Bars indicate 10-fraction sets pooled to detect antioxidative effects. B, Antioxidative effect determined by measuring DPPH radical-scavenging activity. Activity is represented relative to that of fractions 11 to 20 of unripe pepper. Data were obtained from 3-6 experiments, and are given as the mean AE standard deviation (SD). C, The F2 (unrpe) and F2 0 (ripe) fractions were analyzed by reverse-phase HPLC monitored at 254 nm.
chromatography indicated that the fraction contained free carbohydrates-galactose, arabinose, and rhamnose, but not glycosides (data not shown). Hence the free carbohydrates were removed from the fraction by Amberlite XAD-2 (Rohm and Haas, Philadelphia, PA) column chromatography. The F2 and F2 0 fractions were applied to Waters 510 HPLC (Waters, Milford, MA), using an Inertsil ODS-2 column (4:6 Â 150 mm, GL Science, Tokyo) eluted with MeOH/H 2 O/HCOOH (180:19:1, v/v/v) at a flow rate of 1.0 ml/min at room temperature. The eluate was monitored at 254 nm, and two major peaks were observed. Then the peaks were collected and analyzed for antioxidative effects by thin-layer chromatography with spraying of 0.04% DPPH solution to detect activity (data not shown). One fraction showed strong antioxidative activity and the other did not. The active fraction was applied to HPLC using the same column and conditions, except for the mobile phase, with MeOH/ H 2 O/HCOOH (50:47:3, v/v/v). The absorbance of the eluate at 254 nm was measured, and the antioxidative activity of each peak was analyzed by thin-layer chromatography with spraying of 0.04% DPPH solution. The peaks numbered 1, 3, 7, 8, and 10 in Fig. 1C showed antioxidative activity.
Peaks 3 and 10 were selected to identify their major constituents based on the grade of purity. The structure of the constituents of peaks 3 and 10 were identified by electrospray ionization (ESI) and atmospheric pressure chemical ionization (APCI) mass spectra, which were obtained using an LCMS-QP8000 instrument (Shimadzu, Kyoto, Japan) equipped with ESI and APCI sources, and 1 H nuclear magnetic resonance (NMR) spectra, recorded with an JNM-ECA 500 (JEOL, Akishima, Japan) with CD 3 OD as the solvent and tetramethylsilane as the internal standard.
1 H NMR was performed at 500.0 MHz, and the 1 H-1 H chemical shiftcorrelated (COSY) NMR technique was employed to assign 1 H shifts and couplings. Peaks of 3 and 10 contained the same constituent, and the structure was identified as p-coumaryl alcohol (4- . p-Coumaryl alcohol is a phytochemical and one of the monolignols, which are ingredients of lignin. Lignins, phenolic biopolymers synthesized by terrestrial and vascular plants for mechanical support and in response to pathogen attack, are a complex class of compounds derived via free-radical polymerization of the three primary monolignols: p-coumaryl, coniferyl, and sinapyl alcohols. [5] [6] [7] p-Coumaryl alcohol is also an intermediate in the biosynthesis of the following molecules in plants: chavicol, 8) p-hydroxycinnamyl alcohol-4-Dglucoside, 9, 10) p-hydroxyphenyl lignin, 11) caffeyl alcohol, 11 ) and 4-hydroxycinnamyl aldehyde. 12) Back et al. have reported that hydroxycinnamoyl-CoA: tyramine N-(hydroxycinnamoyl) transferase (THT), which is associated with cell-wall fortification in plants, was cloned from the leaves of UV-C treated Capsicum annuum, and also that THT mRNA was strongly induced in leaves by treatment with UV-C.
13) p-Coumaroyl-CoA, a substrate of THT, is a precursor of p-coumaryl alcohol, suggesting that p-coumaryl alcohol is a component of defense mechanisms that provide protection against a variety of environmental stimuli in plants. Ly et al. reported that p-coumaryl alcohol serves as a dietary antioxidant. 4) In conclusion, the chili pepper retains effective antioxidant properties after a long ripening process at 10 C for 18 months. We identified p-coumaryl alcohol from the ripe pepper as an antioxidant. Therefore, our postharvest ripening process should be beneficial in producing a value-added pepper. Characterization of an Antioxidant in Dried Chili Pepper
